Background/Aims/Objectives: Women with recurrent urinary tract infections (UTIs) are commonly referred to urology outpatient clinics. However, there is no clear consensus in existing guidelines as to if, or how, these should be investigated. The primary outcome was to evaluate all available literature to determine the percentage of abnormal findings in non-pregnant women with recurrent simple UTIs. Secondary outcomes were to determine the percentage that were serious, consequential or incidental findings. Methods: A full literature search was performed of the following databases: MEDLINE; Pubmed; Cochrane Central Register of Controlled Trials-CENTRAL; and ClinicalTrials.gov. Two assessors reviewed the articles independently. Any discrepancy was discussed and an agreement reached. Results: The literature search yielded 662 titles; 652 were excluded on initial review. A further 13 studies were gathered from references of yielded papers. After full review, 12 were included for analysis. These showed that < 1.5% of women investigated for recurrent simple UTIs with imaging or flexible cystoscopy had lifethreatening pathology, but up to 67% had abnormal urodynamics. Conclusions: Women presenting with simple recurrent UTIs should have a flow rate and post-void residual measured. Cystoscopy is not warranted and imaging is unlikely to be of value in the absence of symptoms of upper tract disease or gynaecological problems.
Introduction
Recurrent urinary tract infections (UTIs) are defined as "a frequency of at least 3 UTIs/year or 2 UTIs in the last 6 months" [1] . It is a common condition in women under 65 with an incidence of 1 in 1,000 [2] . These women are commonly referred to urology clinics for further investigation; however, current practice on how these patients are investigated varies greatly among urologists worldwide.
The European Association of Urology guidelines state that recurrent UTIs in women should not be investigated routinely unless they are "atypical cases" but are based on evidence from a single study [1] . In comparison, the Canadian Urological Association has a guideline on recurrent UTI in women with a clear list of risk factors on those who need further investigation with both flexible cystoscopy and imaging. It suggests that the best form of imaging is CT with a pre-contrast and contrast phase but that an ultrasound plus or minus an abdominal X-ray can be used in those in whom radiation exposure is a concern. This is based on a mix of evidence from both the early 1980s and some more modern papers [3] . In the United Kingdom, neither the Scottish Intercollegiate Guidelines Network [4] nor the National Institute for Health and Care Excellence [5] has guidelines on if or how these patients should be investigated.
The American College of Radiology has also written appropriateness criteria for investigations for recurrent UTI. They suggest that imaging is usually not appropriate in uncomplicated recurrent UTIs. However, in patients with suspected bladder or urethral diverticulum, fistulas or risk factors similar to those mentioned in the Canadian Urological Association Guidelines, CT abdomen and pelvis with and without contrast is usually appropriate and MRI pelvis with and without contrast may be appropriate [6] .
To this end, given the variations in practice and lack of up-to-date evidence, we aimed to conduct a literature search to evaluate the evidence for investigation of recurrent UTIs in women with cystoscopy, imaging and urodynamics. The search included all study types but was restricted to those published in English in the last 30 years (date range from 1988/06/11 to 2018/06/11). The references of all relevant studies were examined to find older studies of significance for inclusion.
Methods

Evidence Acquisition
Papers were considered for inclusion based on their title or abstract if they contained data on investigations performed for recurrent UTIs in non-pregnant women with no known urological history of upper tract disease. Data on known stones, haematuria, or risk factors for cancer was excluded. Studies were included if data containing the above could be extracted from the paper and the methodology was reliable. One specific definition of recurrent UTI or the requirement for prior microbiological testing could not be used as a criterion for study inclusion as they varied widely between papers.
Two assessors (N.S. and O.M.A) reviewed the articles independently for inclusion. Any discrepancy was discussed and an agreement reached.
Evidence Evaluation
Studies were assessed and given a level of evidence as per the Oxford Centre for Evidence-based Medicine recommendations [7] .
Data Extraction
The primary outcome was to determine the percentage of abnormal findings for investigations performed primarily to investigate non-pregnant women with recurrent simple UTIs. The outcomes were categorised by cystoscopy, urodynamics and imaging, which was further subdivided into ultrasound (US) and intravenous urogram (IVU).
Secondary outcomes were to determine the percentage of abnormalities that were serious (requiring urgent intervention); consequential (requiring surveillance or elective intervention); or incidental findings. These outcomes were also classified by age < 50 years where possible.
Results
Literature Search
The literature search yielded 662 titles of which 652 were excluded following examination of title or abstract, as they did not report on investigating recurrent UTIs in women. A further 13 studies were gathered from the references of the yielded papers, even if they were over 30 years old as they were deemed significant, given the citations (Fig. 1) .
Characteristics of Studies
The characteristics of included studies and data extraction are depicted in Table 1 . The characteristics of excluded studies: 11 studies were excluded after the review of the full manuscript. Data was not extractable in 2 studies [20, 21] . One study was focusing at the incidence of recurrent UTIs and did not report on investigation findings [2] . Seven studies did not provide a breakdown in their data to dif-Review ferentiate: recurrent UTI patients from septic inpatients [22] , haematuria [23] [24] [25] or gender [26] [27] [28] . The last study was a review [29] .
Urodynamics
Two reliable papers were identified for the use of urodynamics in investigating recurrent UTIs. Numbers of urodynamic abnormalities could be extracted from one paper [9] . The only comparable data that could be extracted from both papers was post-void residual and flow rate ( Table 2) . Post-void residual is described as present or absent as this is as much detail as Hijazi and Leitsmann [9] reports. Cystoscopy Seven studies were identified from which data on women who had cystoscopy purely for recurrent UTIs could be extracted (Table 3) . Of the 151 abnormal findings, only 19 (2.89%) were of clinical importance (Table 4) .
Imaging
Eight papers reliably reported imaging findings for women with recurrent UTIs, some for more than one imaging modality. Six papers reported IVU findings, 2 reported abdominal X-ray findings and 2 reported ultrasound ( Table 5 ). The abnormalities are reported in Table 6 .
Discussion
Summary of Main Findings
This is the first systematic review that focused on the evidence for investigating women with recurrent UTIs. We aimed to evaluate the role of flexible cystoscopy as a primary investigation in this cohort of patients. We found that up to 50% of urodynamics were abnormal and that 2.89% of cystoscopies and 5.6% of imaging studies had findings requiring further action.
Given how frequently women with recurrent UTIs are referred to urology, there is very limited literature on how they should be investigated. At present, there are only 12 published studies that explore the value of investigations for recurrent UTI in women without other risk factors [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] and only 3 that have been published in the last 10 years [8] [9] [10] . Of the studies that have been published, the majority are small with the largest to date involving just 163 patients [8] . Furthermore, the studies vary in their conclusions (Table 7) , making it difficult to know what is best practice.
Urodynamics
Urodynamics is the investigative modality with the least literature published on its worth for women with recurrent UTI with only 2 papers with any extractable data (9 + 13) and 2 further papers with some research but no extractable data (20 + 21). Hijazi and Leitsmann [9] suggest that 67% of women with recurrent UTIs have urodynamic proven voiding dysfunction but do not indicate whether the primary reason for referral was recurrent UTI or whether it was an incidental finding in women referred for investigation of lower urinary tract symptoms. Only data for flow and residuals could be compared between the 2 papers ( Table 2) . Comparison suggests that a significant proportion of women with recurrent UTI have impaired urine flow (50%) and measurable post void residual (35%). However, in the study by Raz et al. [13] , only 6 out of 149 (4%) had a residual > 100 mL and Hijazi and Leitsmann [9] do not quantify what is meant by a positive "post-void residual."
Given the high proportion of abnormal urodynamic findings with these small numbers of women with recurrent UTI, further research is warranted. However, evidence suggests that all women presenting with recurrent UTIs should have a flow rate and post-void residual volume measured. Given the significant number of urodynamic abnormalities reported, lower urinary tract symptoms in patients who do not have a UTI should also be investigated and managed appropriately. 
Review
Cystoscopy
Although this review has shown that 23% of cystoscopies performed for recurrent UTI are abnormal, the majority of abnormalities are incidental with inflammation being the main "abnormality" found. Only 1 out of 656 cystoscopies (0.15%) revealed a potentially life-threatening finding (carcinoma). There were few other findings of consequence 18 out of 656 (2.74%). Of these findings, 17 out of 18 could be identified for further investigation by clinical history (colovesical fistula and suture material), (ureterocele), or flow studies (stricture). Therefore, given current evidence, there is no evidence for performing cystoscopy for recurrent UTI.
Imaging
The majority of studies for imaging women with rUTI investigate the use of IVU [12, [14] [15] [16] [17] [18] [19] , which has become historical practice. There are only 2 that report their results specifically for ultrasound and none that report specifically on CT. Regardless, of all 785 imaging studies, only 10 (1.3%) Review showed "serious" findings that would require urgent management and a further 30 (3.8%) that would require further follow-up. Of the "serious" findings, most were detected on ultrasound but missed on both IVU and abdominal X-ray. Four of the 10 "serious" findings were of gynaecological origin with 2 being pregnancies, which could have been easily diagnosed by history and urine beta-human chorionic gonadotrophin (hCG), rather than imaging. As there are such few studies on modern imaging techniques for imaging women with recurrent UTIs, further research on the subject is warranted. However, given the small number of abnormalities in this study, it is likely that imaging should be necessary only if consequential abnormalities are suspected from history and basic investigations.
Strengths and Limitations of Review
This is the first systematic review and cumulative meta-analysis looking at this cohort of patients. The results were significant in that < 1.5% of women investigated for recurrent simple UTIs with imaging or flexible cystoscopy had life-threatening pathology. However, the review is limited by the fact that over the course of more Review than 30 years, only a handful of papers were published on the topic despite it being one of the most common ailments in investigative urology. Nonetheless, the results of our analysis are mirrored by each of the included studies, giving strength to the findings.
Implications for Practice
Further research is warranted on the use of urodynamics and modern imaging techniques for investigating recurrent UTIs.
More centres should look at their results to strengthen the evidence on how to investigate women with recurrent UTIs.
Conclusion
Women presenting with simple recurrent UTIs should have a flow rate and post-void residual measured. Cystoscopy is not warranted in these patients and imaging is unlikely to be of value in the absence of symptoms of upper tract disease or gynaecological problems.
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